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(54) Method of producing low resistance contacts between integrated circuit metal levels and

structure produced thereby.

(57) A method of forming a direct, copper-to-copper,

connection between levels in an IC is disclosed. A via

interconnection is formed by isotropically depositing a

barrier material in a via through an insulator to a lower

copper level, and then anisotropically etching the via to.

remove the barrier material covering the lower copper

level. The anisotropic etch leaves the barrier material

lining the via through the insulator. The subsequently

deposited upper metal level then directly contacts the

tower copper level when the via is filled. A dual da-

mascene interconnection is formed by etching an inter-

connection trench in an insulator and anisotropically de-

positing a non-conductive barrier material in the trench

bottom. Then a via is formed from the trench intercon-

nect to a lower copper level. As above, a conductive bar-

rier material is isotropically deposited in the trench/via

structure, and anisotropically etched to remove the bar-

rier material covering the lower copper level. The insu-

lating barrier material, lining the trench and via, remains.

An IC via interconnection structure and a dual da-

mascene interconnection structure, made in accord-

ance with the above described methods, are also pro-

vided.
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Description

Background and Summary of the Invention

This invention relates generally to integrated circuit

(IC) processes and fabrication, and more particularly, to

copper interconnection structures, and a method of

forming copper interconnection structures, without inter-

vening contamination barrier layers, to improve electri-

cal conductivity between the copper levels.

The demand for progressively smaller, less expen-

sive, and more powerful electronic products, in turn, fu-

els the need for smaller geometry integrated circuits,

and large substrates. It also creates a demand for a

denser packaging of circuits onto IC substrates. The de-

sire for smaller geometry IC circuits requires that the in-

terconnections between components and dielectric lay-

ers be as small as possible. Therefore, research contin-

ues into reducing the width of via interconnects and con-

necting lines. The conductivity of the interconnects is

reduced as the surface area of the interconnect is re-

duced, and the resulting increase in interconnect resis-

tivity has become an obstacle in IC design. Conductors

having high resistivity create conduction paths with high

impedance and large propagation delays. These prob-

lems result in unreliable signal timing, unreliable voltage

levels, and lengthy signal delays between components

in the IC. Propagation discontinuities also result from

intersecting conduction surfaces that are poorly con-

nected, or from the joining of conductors having highly

different impedance characteristics.

There is a need for interconnects and vias to have

both iow resistivity, and the ability to withstand volatile

process environments. Aluminum and tungsten metals

are often used in the production of integrated circuits for

making interconnections, or vias, between electrically

active areas. These metals are popular because they

are easy to use in a production environment, unlike cop-

per which requires special handling.

Copper (Cu) is a natural choice to replace aluminum

in the effort to reduce the size of lines and vias in an

electrical circuit. The conductivity of copper is approxi-

mately twice that of aluminum, and over three times that

of tungsten. As a result, the same current can be carried

through a copper line having half the width of an alumi-

num line.

The electromigration characteristics of copper are

also much superior to those of aluminum. Aluminum is

approximately ten times more susceptible than copper

to degradation and breakage through electromigration.

As a result, a copper line, even one having a much

smaller cross-section than an aluminum line, is better

able to maintain electrical integrity.

There have been problems associated with the use

of copper, however, in IC processing. Copper contami-

nates many of the materials used in IC processes and,

therefore, care must be taken to keep copper from mi-

grating. Various means have been suggested to deal

with the problem of copper diffusion into integrated cir-

cuit material. Several materials, particularly refractory

metals, have been suggested for use as barriers to pr •

vent the copper diffusion process. Tungsten, mofybde-

5 num, and titanium nitride (TiN) are examples of refrac-

tory metals which may be suitable for use as copp r dif-

fusion barriers. However, the adhesion of copper t

these diffusion barrier materials has been an IC process

problem, and the electrical conductivity of such materi-

10 als is an issue in building IC interconnects.

Metal cannot be deposited onto substrates, or into

vias, using conventional metal deposition processes,

such as sputtering, when the geometries of the selected

IC features are small. It is impractical to sputter metal,

is either aluminum or copper, to fill small diameter vias,

since the gap filling capability is poor. To deposit copper,

various chemical vapor deposition (CVD) techniques

are under development in the industry.

In a typical CVD process, copper is combined with

20 an organic ligand to make a volatile copper compound
or precursor. That is, copper is incorporated into a com-

pound that is easily vaporized into a gas. Selected sur-

faces of an integrated circuit, such as diffusion barrier

material, are exposed to the copper containing gas in

2S an elevated temperature environment. When the vola-

tile copper gas compound decomposes, copper is left

behind on the heated selected surface. Several copper

compounds are available for use with the CVD process.

It is generally accepted that the molecular structure of

30 the copper compound, at least partially, affects the con-

ductivity of the copper film residue on the selected sur-

face.

Connections between metal levels, such as copper,

which are separated by dielectric interlevels, are typi-

35 caily formed with a damascene method of via formation

between metal levels. The underlying copper film is first

completely covered with the dielectric, a typical dielec-

tric is silicon dioxide. A patterned photoresist profile is

then formed over the dielectric, and an interconnection

40 trench is etched into the dielectric. Another layer of resist

has an opening, or hole, in the photoresist overlying the

trench, corresponding to the area in the dielectric wher

the via is to be formed. The dielectric not covered with

photoresist is then etched to remove oxide underlying

45 the hole in the photoresist. The photoresist is then'

stripped away. A thin film of copper, or some other me-

tallic material, is then used to fill the via and trench. A
layer consisting of dielectric with a copper via through it

now overlies the copper film. The excess copper re-

50 maining is removed with a chemical mechanical polish

(CMP) process, as is well known in the art. The result is

an 'inlaid*, or damascene, structure.

The formation of copper interconnects requires the

copper lines be completely surrounded with barrier lay-

55 ers. The barrier layers can be either conductive or non-

conductive. Additional process steps are required in the

fabrication process to protect existing barrier layers from

etching and to prepare these barrier layers surfaces to

2
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adhere to copper and other IC materials. Conductive

barriers must also be prepared to have a good electrical

interface with metal levels. Barrier layers may be depos-

ited as a film between the various metal levels and die-

lectric interlevels of the IC. The damascene process s

may require the formation of additional barrier layers

during the formation of a damascene via and trench.

Most, preexisting, conductive barrier layers degrade

conductance between the copper via and metal levels,

but these barriers are often difficult to remove. Proce- io

dures have been developed to minimize the resistance

between a copper via and an interfacing conductive bar-

rier layer In addition, compromises are often made be-

tween adhesion and conduction characteristics.

A co-pending application, Serial No. 08/717,267, is

filed September 20, ig96, entitled, 'Oxidized Diffusion

Barrier Surface for the Adherence of Copper and Meth-

od for Same", invented by Nguyen et al., Attorney Dock-

et No. SMT 1 23, which is assigned to the same Assign-

ees as the instant patent, discloses a method for oxidiz- *o

ing the diffusion barrier surface to improve the adher-

ence of copper to a diffusion barrier, in low speed elec-

trical circuits the resistance offered by a thin level of ox-

ide is unnoticeable. However, in higher speed applica-

tions even a small amount of resistance can increase 2$

the propagation delay of electron current across an ox-

ide layer. The primary purpose of this, above mentioned,

patent application is to improve the ability of copper to

remain deposited on a surface, not on improving the

conductivity between copper and another surface, 30

Another co-pending application, Serial No.

08/717,315, filed September 20, 1996, entitled, "Copper

Adhered to a Diffusion Barrier Surface and Method for

Same", invented by Charneski and Nguyen, Attorney

Docket No. SMT 243, which is assigned to the same 3S

Assignees as the instant patent, discloses a method for

using a variety of reactive gas species to improve cop-

per adhesion without forming an oxide layer over the dif-

fusion barrier. However, the focus of this patent is to im-

prove copper adhesion, not to improve the conductivity 40

of copper deposited on a surface.

Another co-pending application, Serial No.

08/729,567, filed October 11, 1996, entitled, "Chemical

Vapor Deposition of Copper on an ION Prepared Con-

ductive Surface and Method for Same," invented by 45

Nguyen and Maa, Attorney Docket No. 114, which is as-

signed to the same Assignees as the instant patent, dis-

closes a method of preparing a conductive surface, such

as a barrier layer, with an exposure to the ions of an inert

gas to improve electrical conductivity between a con- so

ductive surface and a subsequent deposition of copper.

However, the primary purpose of this invention is to pre-

pare a conductive surface that is substantially free of by-

products and IC process debris.

Tsuchiya et al., in the article "Ultra-Low Resistance ss

Direct Contact Cu Via Technology Using In-Situ Chem-
ical Vapor Cleaning", 1997 Symposium on VSLI Tech-

nology Digest of Technical Papers, pg. 59-60, disclose

a method forming a dual damascene direct connection

between tw copper levels. The connection is formed
through twodielectric layers toan underlying copper lev-

els, with barrier layers between the three levels. How-
ever, no method is disclosed for forming a via connec-
tion between metal levels without an intervening barrier

layer. Neither is a method disclosed for forming a dual

damascene connection through a single dielectric int r-

level when barrier layers must be fabricated for the in-

terconnection trench.

It would be advantageous to employ a method of

minimizing the resistance between a copper via and an
interfacing metal level in an IC.

It would be advantageous to employ a means of se-

lectively forming barrier layers in a via or damascene
structure to eliminate the poorly conductant interfac s

between copper and conductive barrier layers.

It would be advantageous to employ a method of

selectively depositing and selectively etching barrier

layers in the formation of a via or damascene structure.

Further, it would be advantageous if the method reduced

the number of process steps, and improved the conduc-

tivity between metal levels.

It would be advantageous to employ a method of

selectively forming barrier layers in an IC interconnect

to prevent copper contamination, and selectively remov-

ing barrier layers to enhance conductivity between cop-

per levels.

Accordingly, in an integrated circuit including a first

metal horizontal level, a first barrier layer overlying the

first metal level, a first dielectric interlevel overlying the

first barrier layer, and a second barrier layer overlying

the first dielectric interlevel, a method is provided for

forming a low resistance interconnect between metal

levels comprising the following steps:

a) etching selected overlying areas of the first bar-

rier layer, the first dielectric interlevel, and the sec-

ond barrier layer to form a via, exposing vertical

sidewall surfaces of the first dielectric interlevel and
selected areas of the first metal level;

b) conformally depositing a third barrier layer over

the vertical sidewall surfaces of the first dielectric

interlevel and the first metal level selected areas ex-

posed in step a); and

c) anisotropically etching, in the horizontal direction,

to selectively remove the third barrier layer depos-

ited over the first metal level selected areas, but not

the vertical sidewall surfaces of the first dielectric

interlevel. A via, having barrier surface sidewalls, is

prepared to directly connect the first metal level with

a subsequently deposited metal level.

Also provided, in an integrated circuit (IC), is a low

resistance metal level via interconnection comprising a
metal level, a dielectric interlevel overlying the first metal

level, and a via through selected areas of the dielectric

interlevel, exposing sidewall surfaces of the dielectric

3
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interievei and selected areas of the metal level. The via

interconnection further comprises a barrier layer over

the sidewall surfaces of the dielectric interievei, formed

by conformally depositing barrier layer material over the

sidewall surfaces of the dielectric interievei and the met- 5

al level selected areas, and anisotropically etching, to

selectively remove the barrier layer over the metal level

selected areas. A via, having barrier surface sidewalis,

is prepared to directly connect the metal level with a sub-
sequently deposited metal level. w

In an integrated circuit including a first metal hori-

zontal level, a first barrier layer overlying of the first met-

al level, and a first dielectric interievei overlying the first

barrier layer, the first dielectric interievei having a first

thickness and a second thickness overlying the first is

thickness, a method is provided for forming a low resist-

ance dual damascene interconnect between metal lev-

els comprising the following steps:

a) etching selected areas of the first dielectric inter- so

level second thickness, forming a damascene inter-

connection trench, and exposing vertical sidewall

surfaces of the first dielectric interievei second
thickness and selected horizontal surfaces of the

first dielectric interievei first thickness; 2$

b) anisotropically depositing, in a horizontal direc-

tion, a second barrier layer over the first dielectric

interievei, to overlie the selected horizontal surfac-

es of the first dielectric interievei first thickness ex-

posed in step a), and minimally cover the vertical 30

sidewall surfaces of the first dielectric interievei sec-

ond thickness;

c) etching selected overlying surfaces of the second
barrier layer deposited in step b), selected horizon-

tal surfaces of the first dielectric interievei first thick- 3$

ness, and the first barrier level, exposing vertical

sidewall surfaces of the first dielectric interievei first

thickness and selected areas of the first metal level,

whereby a via is formed from the trench to the first

metal level selected areas; - 40

d) conformally depositing a third barrier layer over

the vertical sidewall surfaces of the first dielectric

interievei second thickness exposed in step a), the

second barrier layer deposited in step b), and the

first metal level selected areas and vertical sidewall

surfaces of the first dielectric interievei first thick-

ness exposed in step c); and

e) anisotropically etching, in the horizontal direc-

tion, to selectively remove the third barrier layer

overlying the first metal level selected areas, but not so

the third barrier layer overlying the vertical sidewall

surfaces of the first dielectric interievei first and sec-

ond thicknesses. A damascene process via and
trench, having barrier sidewall surfaces, are pre-

pared to directly connect the first metal level with a 55

subsequently deposited metal level.

Also provided, in an integrated circuit (IC), is a low

428 A2 6

resistance metal level dual damascene interconnection

comprising a horizontal metal level, a dielectric interiev-

ei overlying the metal level, the dielectric interievei hav-
ing a first thickness and a second thickness overlying

the first thickness. The damascene interconnection fur-

ther comprises a damascene interconnection trench

formed through selected areas of the dielectric interievei

second thickness, exposing vertical sidewall surfaces f

the dielectric interievei second thickness and selected

horizontal surfaces of the dielectric interievei first thick-

ness. In addition, the damascene interconnection com-
prises an insulating barrier layer formed by anisotropi-

cally deposition, in a horizontal direction, to overlie the

selected horizontal surfaces of the dielectric interievei

first thickness.

The damascene interconnection comprises a via

through selected overlying areas of the insulating barrier

layer, and the first dielectric interievei first thickness, ex-

posing sidewall surfaces of the dielectric interievei first

thickness and selected areas of the metal level. Finally,

the damascene interconnection comprises a conductive
barrier layer formed by conformally depositing the con-
ductive barrier layer material over the sidewall surfaces
of the first dielectric interievei first and second thick-

nesses, the selected horizontal surfaces of the dielectric

interievei first thickness, and the metal level selected ar-

eas. Then, the conductive barrier is anisotropically

etched, in the horizontal direction, to selectively remove
the conductive barrier layer deposited over the metal
level selected areas. The damascene process via and
trench, having conductive barrier surface sidewalls, are

prepared to directly connect the metal level with a sub-
sequently deposited metal level.

Brief Description of the Drawings

Figs. 1 through 3 illustrate steps in a method of

forming a completed low resistance metal level via in-

terconnection in an integrated circuit.

Figs. 4 through 9 are a more detailed depiction of

the method of forming a completed low resistance metal
level interconnection in an integrated circuit, presented
in Figs. 1 -3.

Fig. 10 is a flow chart illustrating steps in a method
of forming a low resistance via interconnect between
metal levels.

Fig. 11 is a more detailed version of the flow chart

in Fig. 10 illustrating a method of forming a low resist-

ance interconnect between metal levels.

Figs. 12 through 18 illustrate steps in a method of

forming a completed low resistance metal level dual da-

mascene interconnection in an integrated circuit.

Fig. 19 is a flow chart illustrating steps in a method
of forming a low resistance interconnect between metal

levels using a damascene process.

Fig. 20 is a more detailed version of the flow chart

of Fig. 19 illustrating steps in a method of forming a low

resistance dual damascene interconnect between metal

4
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levels.

Detail Description of the Preferred Embodiment

Figs. 1 through 3 illustrate steps in a method of 5

forming a completed low resistance metal level via in-

terconnection in an integrated circuit. Fig. 1 is a partial

cross-sectional view o1 IC 10. IC 10 comprises a metal

level 1 2 and a dielectric interievel 1 4 overlying first metal

level 12. In some aspects of the invention, a non-con- io

ductive barrier layer 1 6 separates dielectric interievel 1

4

from metal level 12. In some aspects of the invention, a
non-conductive barrier layer 18 overlies dielectric inter-

level 14. IC 10 also comprises a via 20 through selected

areas of dielectric interievel 14 exposing sidewall sur- is

faces 22 of dielectric interievel 14 and selected areas

24 of metal level 12.

Fig. 2 is a partial cross-sectional view of IC 10 de-

picting a barrier layer 26 over sidewall surfaces 22 of

dielectric interievel 1 4 formed by conformally depositing 20

conductive and non-conductive barrier layer materials

over sidewall surfaces 22 of dielectric interievel 14 and
metal level selected areas 24.

Fig. 3 is a partial cross-sectional view of IC 10 de-

picting the anisotropic etching of barrier layer 26, to se- zs

lectively remove barrier layer 26 over metal level select-

ed areas 24. In the process, barrier layer 26 overlying

barrier layer 18 has also been removed. Via 20 now has

barrier surface sidewalls 26, and is prepared to directly

connect metal level 12 with a subsequently deposited 30

metal level (not shown).

Figs. 4 through 9 are a more detailed depiction of

the method of forming a completed low resistance metal

level interconnection in an integrated circuit, presented

in Figs. 1-3. Fig. 4 is a partial cross-sectional view of 35

integrated circuit 30 comprising a first metal horizontal

level 32. The plane of metal level 32 is designated as
horizontal is for the purposes of a clear description of

the invention, and is arbitrary. Alternately, first metal lev-

el 32 is vertical, or the view of frame of reference is ro- 40

tated 90 degrees. A first barrier layer 34 overlies first

metal level 32, and a first dielectric interievel 36 overlies

first barrier layer 34. A second barrier layer 38 overlies

first dielectric interievel 36.

Fig. 5 is a partial cross-sectional view of IC 30 de- *s

pictihg a first via 40 through selected overlying areas of

first barrier layer 34, first dielectric interievel 36, and sec-

ond barrier layer 38, exposing vertical sidewall surfaces

42 of first dielectric interievel 36 and selected areas 44
of first metal level 32. Typically, via 40 is formed by de- . so

positing a layer of photoresist 46, and patterning pho-

toresist 46 to form a gap where via 40 is to be formed.

First barrier layer 34, first dielectric interievel 36, and
second barrier layer 38 are plasma etched through the

gap in photoresist 46 to form via 40. After the formation S5

of via 40, photoresist 46 is removed.

Fig 6 is a partial cross-sectional view of IC 30 de-

picting a third barrier layer 46 formed by conformally de-

positing third barrier layer 46 over vertical sidewall sur-

faces 42 of first dielectric interievel 36 and first metal

level selected ar as 44.

Fig. 7 is a partial cross-sectional view of IC 30 de-

picting third barrier layer 46 after anisotropically etching,

in the horizontal direction, to selectively remove third

barrier layer 46 over first metal level selected areas 44.

In the etching process, third barrier layer 46 overtying

second barrier layer 38 is usually removed. First via 40,

having barrier sidewall surfaces 46, is prepared to di-

rectly connect first metal level 32 with a subsequently

deposited metal level (not shown).

Fig. 8 is a partial cross-sectional view of IC 30 fur-

ther comprising a second metal level 48 overlying sec-

ond barrier layer 38, and filling first via 40 to connect
with first metal level selected areas 44. A minimum re-

sistance connection, without an intervening barrier lay-

er, is made between metal levels.

Fig. 9 is a partial cross-sectional view of IC 30
wherein second metal level 48 is selectively etched to

form an interconnect, or interconnect layer. In some as-

pects of the invention, portions of second barrier layer

38 are removed when second metal level 48 is etched.

Then, second barrier layer 38 remains under the areas

of second metal level 48 not etched, as shown in Fig. 9.

IC 30 further comprises a fourth barrier layer 50 overly-

ing second metal level 48, and first dielectric 36 where
second barrier layer 38 is etched away A second die-

lectric interievel 52 overlies fourth barrier layer 50. After

the deposition of second dielectric interievel 52, the sur-

face of second dielectric interievel 52 is uneven, as its

surface contour follows the different horizontal planes

of second metal level 48 and first dielectric interievel 36.

In some aspects of the invention, a chemical mechanical

polish is performed on second dielectric interievel 52 to

form a substantially flat surface. A fifth barrier layer 54
overlies second dielectric interievel 52. IC 30 also com-
prises a second via 56 through selected overlying areas

of fourth barrier layer 50, second dielectric interievel 52,

and fifth barrier layer 54, exposing vertical sidewall sur-

faces 58 of second dielectric interievel 52 and selected

areas 60 of second metal level 48. A sixth barrier layer

62 isformed by conformally depositing sixth barrier layer

62 over vertical sidewall surfaces 58 of second dielectric

interievel 52 and second metal level selected areas 60.

Sixth barrier layer 62 is anisotropically etched, in the

horizontal direction, to selectively remove sixth barrier

level deposited over second metal level selected areas

60, and over the horizontal surfaces of fifth barrier layer

54. Second via 56, having barrier surface sidewalls 58,

is prepared to directly connect second metal level 48
with a subsequently deposited metal level (not shown).

Figs. 4 through 9 depict the interconnection of two
metal levels and the preparation for connection to a third

metal level. In the same manner as depicted in Figs. 4
through 9, and described above, interconnections can
be made to even a larger number of metal levels in an
integrated circuit. The various interconnection vias and

5
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trenches need not be aligned as shown in Figs. 4-9, and
the via diameters and trench shapes are variable.

First barrier layer material 34 and second barrier

layer material 38 are non-conductive, and third barrier

layer-material 46 is selected from the group consisting 5

of conductive and non-conductive materials. Typically,

third barrier layer 46 is conductive. When third barrier

layer 46 is conductive, then first metal level 32 and sec-

ond metal level 48 need not necessarily be in contact to

make an electrical connection. The electrical connection io

between first metal level 32 and second metal level 48
is then made through third barrier layer 46. That is, third

barrier layer 46 ensures an electrical connection be-

tween metal levels when second metal level 48 incom-

pletely fills first via 40. However, an indirect electrical '5

connection, through barrier layer 46, is not as conduc-

tive as a direct copper-to-copper connection.

The non-conductive barrier layer material is select-

ed from the group consisting of Si3N4l and TiO. The con-

ductive barrier layer material is selected from the group 20

consisting of refractory metals and refractory metal

compounds including TIN, WN, and TaN. Typically first

metal level 32, as well as second metal level 38, are

copper.

Fig. 1 0 is a flow chart illustrating steps in a method 2s

of forming a low resistance via interconnect between
metal levels. Step 100 provides an integrated circuit via

having sidewall surfaces, and passing through a dielec-

tric interlevel to expose selected areas of a metal level.

Step 102 conformally deposits a barrier layer material 30

overlying the via to form a barrier layer overlying the di-

electric interlevel sidewall surfaces and metal level se-

lected areas. Step 104 anisotropically etches to selec-

tively remove the barrier layer deposited over the metal

level selected areas, but not the dielectric interlevel 35

sidewall surfaces. Step 106 is a product, a via having

barrier surface sidewalls prepared to directly connect

the metal level with a subsequently deposited metal lev-

el.

Fig. 11 is a more detailed version of the flow chart *o

in Fig. 10 illustrating a method of forming a low resist-

ance interconnect between metal levels. Step 120 pro-

vides an integrated circuit including a first metal horizon-

tal level, a first barrier layer overlying the first metal level,

a first dielectric interlevel overlying the first barrier layer,

and a second barrier layer overlying the first dielectric

interlevel. Step 122 etches selected overlying areas of

a first barrier layer, the first dielectric interlevel, and the

second barrier layer to form a via, exposing vertical side-

wall surfaces of the first dielectric interlevel and selected so

areas of the first metal level. Step 124 conformally de-

posits a third barrier layer over the vertical sidewall sur-

faces of the first dielectric interlevel and the first metal

level selected areas exposed in Step 122. Step 126 an-

isotropically etches, in the horizontal direction, to selec- 55

tively remove the third barrier layer deposited over the

first metal level selected areas, but not the vertical side-

wall surfaces of the first dielectric interlevel. Step 128 is

a product, an IC via, having barrier surface sidewalls,

prepared to directly connect the first metal level with a
subsequently deposited metal level.

In one aspect of the invention, a further step, follow-

ing step 126, deposits a second metal level overlying

the second barrier layer, filling the via formed in Step

122, to connect with the first metal level. A minimum re-

sistance connection, without intervening barrier layers,

is made between metal levels when the two metal levels

are directed connected.

Further steps selectively etch the second metal lev-

el to form an interconnect, or interconnect layer. A fourth

barrier layer is deposited overlying the second metal lev-

el. When the selective etch removes the second barrier

layer, the fourth barrier layer is deposited on the ex-

posed first dielectric interlevel. A second dielectric inter-

level is deposited overlying the fourth barrier layer. Typ-
ically, a CMP is performed on the second dielectric in-

terlevel to from a flat horizontal surface. A fifth barrier

layer is deposited overlying the second dielectric inter-

level. A following step repeats the steps of the method,

described above with regard to Fig. 1 1 ,
forming a low

resistance connection between the second metal level

and a subsequently deposited third metal level. In this

manner, a plurality of metal levels in the IC are intercon-

nected.

The first and second barrier layer materials are non-

conductive and the third barrier layer material is select-

ed from the group of conductive and non-conductiv

materials. The non-conductive barrier layer material is

selected from the group consisting of St3N4 and TiO.

The conductive barrier layer material is selected from
the group consisting of refractory metals and refractory

metal compounds including TiN, WN, and TaN. Typical-

ly, the first and second metal levels are copper.

Figs. 12 through 18 illustrate steps in a method of

forming a completed a low resistance metal level dual

damascene interconnection in an integrated circuit. Fig.

12 is a partial cross-sectional view of an IC 160 com-
prising a first horizontal metal level 162, a first barrier

layer 164 overlying first metal level 162, and a first die-

lectric interlevel 166 overlying first barrier layer 164 and
first metal level 162. The term horizontal is presented

for the purposes of clarity, and is arbitrary. First dielectric

interlevel 166 has a first thickness 168 and a second
thickness 170 overlying first thickness 168.

IC 160 comprises a first damascene interconnec-

tion trench 172 formed through selected areas of first

dielectric interlevel second thickness 1 70, exposing ver-

tical sidewall surfaces 174 of first dielectric interlevel

second thickness 170 and selected horizontal surfaces

176 of first dielectric interlevel first thickness 168. In

some aspects of the invention, such as when first metal

level 162 is not copper, first barrier layer 164 is not in-

cluded. Barrier layer 164 is not necessary when first

metal level 1 62 is a metal that does not contaminate sur-

rounding substrat areas. When first barrier layer 164

is not included, th first metal level material is selected

6
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from the group consisting of aluminum, aluminum-cop-

per alloys, and tungsten.

Fig. 13 is a partial cross-sectional view of IC 160

further comprising a second barrier layer 178 formed by

anisotropic deposition, in the horizontal direction, to

overlie selected horizontal surfaces 1 76 of first dielectric

first thickness 1 68, and minimally covering vertical side-

wall surfaces 174 of first dielectric interievel second
thickness 1 70. Ideally, vertical sidewall surfaces 174 do
not collect a deposition of any of second barrier layer

178. However, in many anisotropic deposition process

at least some material is deposited on vertical surfaces.

Typically, second barrier layer 178 is an electrical insu-

lator.

Fig. 14 is a partial cross-sectional view of IC 160
depicting a first damascene via 180 formed through se-

lected overlying areas of second barrier layer 178, and
first dielectric interievel first thickness 1 68, and first bar-

rier layer 164, exposing vertical sidewall surfaces 182
of first dielectric interievel first thickness 168 and select-

ed areas 184 of first metal level 162.

Fig. 15 is a partial cross-sectional view of IC 160
depicting a third barrier layer 1 86 formed by conformally

depositing third barrier layer 186 over vertical sidewall

surfaces 174 and 182 of first dielectric interievel first

thickness 168 and first dielectric interievel second thick-

ness 170. Selected horizontal surfaces 176 of first die-

lectric interievel first thickness 168, and second barrier

layer 178 overlying horizontal surfaces 176, are confor-

mally coated by third barrier layer 186 in this process.

In addition, third barrier layer 186 is deposited over se-

lected areas 184 of first metal level 162. Third barrier

layer 186 is typically conductive.

Fig. 16 is a partial cross-sectional view of IC 160

depicting third barrier 186 after anisotropically etching,

in the horizontal direction, to selectively remove third

barrier layer 186 deposited over first metal level select-

ed areas 184. In the same process, third barrier layer

1 86 is also removed from second barrier layer 1 78 over-

lying selected horizontal surfaces 176 of first dielectric

interievel first thickness 168. Damascene process first

via 1 80 and first trench 1 72 now have barrier surface

sidewalls 1 86, and are prepared to directly connect first

metal level 1 62 with a subsequently deposited metal lev-

el (not shown).

Fig. 17 is a partial cross-sectional view of IC 160

comprising a second metal level 188 overlying first die-

lectric interievel 166, filling first via 180 and first trench

172 to connect with first metal level selected area 164.

A minimum resistance connection, without an interven-

ing barrier layer, is made between metal levels 162 and
188.

Fig. 18 is a partial cross-sectional view of IC 160

wherein a CMP is performed on second metal level 1 88.

In some aspects of the invention, the CMP process also

removes second barrier layer 178 overlying first dielec-

tric interievel 1 66. IC 1 60 further comprises a fourth bar-

rier layer 190 overlying second metal level 188, and a

second dielectric interievel 192 overlying fourth barrier

layer 190. Second dielectric interievel 192 has a first

thickness 1 94 and a second thickness 1 96 overlying first

thickness 194. A second damascene via 200 through

5 selected overlying areas of fourth barrier layer 1 90 and
second dielectric interievel first thickness 194 exposes
vertical sidewall surfaces 202 of second dielectric inter-

level first thickness 194 and selected areas 204 of sec-

ond metal.level 188.

io IC 160 further comprises a second damascene
trench 206 overlying second via 200, formed through se-
lected areas of second dielectric interievel second thick-

ness 1 96. Second damascene trench 206 exposes ver-

tical sidewall surfaces 208 of second dielectric interievel

is second thickness 196 and selected horizontal surfaces

210 of second dielectric interievel first thickness 194.

IC 160 further comprises a fifth barrier layer 212
formed before second via 200 is etched, by anisotropic

deposition, in a horizontal direction, to overlie selected
20 horizontal surfaces 210 of second dielectric interievel

first thickness 1 94, and minimally cover vertical sidewall

surfaces 208 of second dielectric interievel second
thickness 196.

IC 160 also comprises an sixth barrier layer 214
25 formed by conformally depositing sixth barrier layer 214

over vertical sidewall surfaces 202 of first dielectric in-

terievel first thickness 1 94 and vertical sidewall surfaces

208 of second dielectric interievel second thickness

1 96, and second metal level selected areas 204. Typi-

30 cally in this process, fifth barrier layer 21 2, covering se-

lected horizontal surfaces 21 0 of second dielectric inter-

level first thickness 1 94, is also conformally coated with

sixth barrier layer 214. Sixth barrier layer 214 is then

anisotropically etched, in the horizontal direction, to se-

& lectively remove sixth barrier layer 214 deposited over

second metal level selected areas 204. In this etching

process, sixth barrier layer 21 4 is removed from fifth bar-

rier layer 212 covering selected horizontal surfaces 210
of second dielectric interievel first thickness 194, and

40 fifth barrier layer 212 overlying second dielectric inter-

level 192. Second via 200 and second trench 206 have
barrier sidewall surfaces 214, and are prepared to di-

rectly connect second metal level 188 with a subse-

quently deposited metal level (not shown).

45 In some aspects of the invention, first barrier layer

1 64 and second barrier layer 1 78 materials are non-con-

ductive, and third barrier layer 186 material is selected

from the group consisting of conductive and non-con-

ductive materials. Non-conductive barrier layer materi-

50 als are selected from the group consisting of Si3N4 , and
TiO. Conductive barrier layer material is selected from

the group consisting of refractory materials and refrac-

tory metalcompounds including TiN, WN. and TaN. First

metal level 162 and second metal level 188 are typically

55 copper.

Fig. 19 is a flowchart illustrating steps in a method
of forming a low resistance interconnect between metal

levels using a damascene process. Step 220 provides

7
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an IC including a damascene interconnection trench,

having sidewalls and passing through a second thick-

ness of dielectric interlevel, exposing selected areas of

a first thickness of dielectric interlevel. The dielectric in-

terlevel overlies a metal level. Step 222 anisotropically

deposits an insulating barrier layer material overlying

the trench, forming an insulating barrier layer overlying

the selected areas of the dielectric interlevel first thick-

ness. Step 224 etches selected overlying areas of the
insulating barrier layer and the dielectric interlevel first

thickness, exposing sidewall surfaces of the dielectric

interlevel first thickness and selected areas of a metal
level, whereby a via is formed from the trench to the met-
al level selected areas. In some aspects of the invention,

Step 224 includes exposing selected areas of a metal
level material selected from the group consisting of alu-

minum, aluminum-copper alloys, and tungsten. Step
226 conformally deposits a conductive barrier layer ma-
terial overlying the trench and via. forming a conductive
barrier layer on the sidewall surfaces of the dielectric

interlevel first and second thicknesses and the metal
level selected areas. Step 228 anisotropically etches to

selectively remove the conductive barrier layer overly-

ing the metal level selected areas, but not the conduc-
tive barrier layer overlying the sidewall surfaces of the
first dielectric interlevel first and second thicknesses.

Step 230 is a product a damascene IC process via and
trench, having barrier sidewall surfaces, prepared to di-

rectly connect the metal level with a subsequently de-
posited copper metal level.

Fig. 20 is a more detailed version of the flow chart
of Fig. 1 9 illustrating steps in a method of forming a low
resistance dual damascene interconnect between metal
levels. Step 240 provides an integrated circuit including

a first metal horizontal level, a first barrier layer overlying
the first metal level, and a first dielectric interlevel over-
lying the first barrier layer, the first dielectric interlevel

having a first thickness and a second thickness overly-

ing the first thickness. Step 242 etches selected areas
of the first dielectric interlevel second thickness, forming
a damascene interconnection trench, and exposing ver-

tical sidewall surfaces of the first dielectric interlevel

second thickness and selected horizontal surfaces of

the first dielectric interlevel first thickness. Step 244 an-
isotropically deposits, in a horizontal direction, a second
barrier layer over the first dielectric interlevel, to overlie

the selected horizontal surfaces of the first dielectric in-

terlevel first thickness exposed in step 242, and mini-

mally covering the vertical sidewall surfaces of the first

dielectric interlevel second thickness. Step 246 etches
selected overlying areas of the second barrier layer de-
posited in step 244, selected horizontal surfaces of the
first dielectric interlevel first thickness, and the first bar-
rier layer, exposing vertical sidewall surfaces of the first

dielectric interlevel first thickness and selected areas of

the first metal level, whereby a via is formed from the
trench to the first metal level selected areas.

Step 248 conformally deposits a third barrier layer

over the vertical sidewall surfaces of the first dielectric

interlevel sec nd thickness exposed in step 242, the
second barrier layer deposited in step 244, and the first

metal level selected areas and vertical sidewall surfaces
s of the first dielectric interlevel first thickness exposed in

step 246. Step 250 anisotropically etches, in the hori-

zontal direction, to selectively remove the third barrier
layer overlying the first metal level selected areas, but
not the third barrier layer overlying the vertical sidewall

io surfaces of the first dielectric interlevel first and second
thicknesses. Step 252 is a product, an IC damascene
process viaand trench, having barrier surface sidewalls,

prepared to directly connect the first metal level with a
subsequently deposited metal level.

*s Some aspects of the invention include a further

step, following step 250, of depositing a second metal
level overlying the second barrier layer, filling the trench
formed in step 242 and the via formed in step 244, to
connect with the first metal level selected areas. A min-

20 imum resistance connection, without an intervening bar-
rier layer, is made between metal levels. Further steps
perform a chemical mechanical polish of the second
metal level, and deposit a fourth barrier layer overlying
the second metal level, and a second dielectric interlevel

25 overlying the fourth barrier layer A following step re-

peats the steps of the method, described above and il-

lustrated in Fig. 20, to form a low resistance connection
between the second metal level and a subsequently de-
posited third metal level, whereby a plurality of metal

30 levels in the IC are interconnected.

The first and second barrier layer materials, and the
corresponding barrier layer materials of interconnects
on other IC levels, are non-conductive. The third barrier

layer material, and the corresponding barrier layer ma-
35 terial of other interconnect levels in the IC, is selected

from the group consisting of conductive and non-con-
ductive materials. The non-conductive barrier layer ma-
terial is selected from the group consisting of Si3N4 and
TiO. The conductive barrier layer material is selected

*o from the group consisting of refractory metals, and re-

fractory metal compounds including TiN, WN, and TaN.
The first and second metal levels are typically copper

The present invention discloses two methods for

forming novel interconnections between copper metal
45 levels in an IC. The primary advantage offered by these

methods is the elimination of the conductive barrier layer

between copper interlevels which is typical in most cop-
per IC structures. The direct contact of copper levels

makes for an interconnection that is many times more
so conductive than an interconnection using a barrier layer.

The method involves relatively simple IC processes of

conformal deposition and anisotropic etching. Other
embodiments and variations of the invention will occur
to those skilled in the art

55
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Claims

3.

In an Integrated circuit (IC) via having sidewall sur-

faces, and passing through a dielectric interievel to

expose selected areas of a metal level, a method
for forming a low resistance via interconnect be-

tween metal levels comprising the following steps:

a) conformaify depositing a barrier layer mate-

rial overfying the via to form a barrier layer over-

lying the dielectric interievel sidewall surfaces

and metal level selected areas; and
b) anisotropically etching to selectively remove
the barrier layer deposited over the metal level

selected areas, but not the dielectric interievel

sidewall surfaces, whereby a via, having barrier

surface sidewalls, is prepared to directly con-

nect the metal level with a subsequently depos-

ited metal level.

In an integrated circuit (IC) including a first metal

horizontal level, a first barrier layer overlying the first

metal level, a first dielectric interievel overlying the

first barrier layer, and a second barrier layer over-

lying the first dielectric interievel, a method for form-

ing a low resistance interconnect between metal

levels comprising the following steps:

10

15

20

2$ 6.

a) etching selected overlying areas of the first

barrier layer, the first dielectric interievel, and 30

the second barrier layer to form a via, exposing

vertical sidewall surfaces of the first dielectric

interievel and selected areas of the first metal

level;

b) conformally depositing a third barrier layer 35

over the vertical sidewall surfaces of the first

dielectric interievel and the first metal level se- 9.

lected areas exposed in step a); and
c) anisotropically etching, in the horizontal di-

rection, to selectively remove the third barrier 40 10,

layer deposited over the first metal level select-

ed areas, but not the vertical sidewall surfaces

of the first dielectric interievel, whereby a via,

having barrier surface sidewalls, is prepared to

directly connect the first metal level with a sub- 45

sequentty deposited metal level.

A method as in claim 2 comprising the further step,

following step c), of:

d) depositing a second metal level overlying the

second barrier layer, filling the via formed in

step a), to connect with the first metal level,

whereby a minimum resistance connection,

without an intervening barrier layer, is made be-

tween the metal levels.

4. A method as in claim 3 comprising the further step,

so

ss

following step d), of:

e) selectively etching the second metal level,

forming an interconnect;

f) depositing a fourth barrier layer overlying the

second metal level, and a second dielectric in-

terievel overlying the fourth barrier layer;

g) performing a chemical mechanical polish of

the second dielectric interievel, and depositing

a fifth barrier layer overlying the second dielec-

tric interievel; and

h) repeating the steps of the method described

in steps a) through d) to form a low resistance

connection between the second metal level and
a subsequently deposited third metal level,

whereby a plurality of metal levels in the IC are

interconnected.

A method as in claim 2 in which the first and second
barrier layer materials are non-conductive, and the

third barrier layer material is selected from the

group consisting of conductive and non-conductive

materials.

A method as in claim 5 in which the non-conductive
barrier layer material is selected from the group
consisting of Si3N4 and TiO.

A method as in claim 5 in which the conductive bar-

rier layer material is selected from the group con-

sisting of refractory metals and refractory metal

compounds including TiN, WN, and TaN.

8. A method as in claim 2 in which the first metal level

is copper.

A method as in claim 3 in which the first and second
metal levels are copper.

In an integrated circuit (IC) damascene intercon-

nection trench, having sidewall surfaces and pass-

ing through a second thickness of the dielectric in-

terievel, exposing selected areas of a first thickness

of the dielectric interievel overlying a metal level, a
method for forming a low resistance interconnect

between metal levels comprising the following

steps:

a) anisotropically depositing an insulating bar-

rier layer material overlying the trench, forming

an insulating barrier layer overlying the select-

ed areas of the dielectric interievel first thick-

ness;

b) etching selected overlying areas of the insu-

lating barrier layer and the dielectric interievel

first thickness, exposing sidewall surfaces of

the dielectric interievel first thickness and se-

lected areas of the metal level, whereby a via

9
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is formed from the trench to the metal level se-

lected areas;

c) conform ally depositing a conductive barrier

layer material overlying the trench and via,

forming a conductive barrier layer on the side- s

wall surfaces of the dielectric interlevel first and
second thicknesses and the metal level select-

ed areas; and

d) anisotropically etching, to selectively remove
the conductive barrier layer overlying the metal io

level selected areas, but not the conductive

barrier layer overlying the sidewall surfaces of

the first dielectric interlevel first and second
thicknesses, whereby a damascene process

via and trench, having barrier sidewall surfac- '5

es, are prepared to directly connect the metal

level with a subsequently deposited copper

metal level.

11. A method as in claim 10 in which step b) exposes 20

selected areas of a metal ievel material selected

from the group consisting of aluminum, aluminum-

copper alloys, and tungsten.

12. In an integrated circuit (IC) including a first metal 2S

horizontal level, a first barrier layer overlying the first

metal level, and a first dielectric interlevel overlying

the first barrier layer, the first dielectric interlevel

having a first thickness and second thickness over-

lying the first thickness, a method for forming a low 30

resistance dual damascene interconnect between
metal levels comprising the following steps:

a) etching selected areas of the first dielectric

interlevel second thickness, forming a da- 3S

mascene interconnection trench, and exposing

vertical sidewall surfaces of the first dielectric

interlevel second thickness and selected hori-

zontal surfaces of the first dielectric interlevel

first thickness; 40

b) anisotropically depositing, in a horizontal di-

rection, a second barrier layer over the first di-

electric interlevel, to overlie the selected hori-

zontal surfaces of the first dielectric interlevel

first thickness exposed in step a), and minimally

cover the vertical sidewall surfaces of the first

dielectric interlevel second thickness;

c) etching selected overlying areas of the sec-

ond barrier layer deposited in step b), selected

horizontal surfaces of the first dielectric inter- so

level first thickness, and the first barrier layer,

exposing vertical sidewall surfaces of the first

dielectric interlevel first thickness and selected

areas of the first metal level, whereby a via is

formed from the trench to the first metal level ss

selected areas;

d) conformalfy depositing a third barrier layer

over the vertical sidewall surfaces of the first

dielectric interlevel second thickness exposed
in step a) t the second barrier layer deposited in

step b), and the first metal level selected areas

and vertical sidewall surfaces of the first dielec-

tric interlevel first thickness exposed in step c);

e) anisotropically etching, in the horizontal di-

rection, to selectively remove the third barrier

layer overlying the first metal level selected ar-

eas, but not the third barrier layer overlying the

vertical sidewall surfaces of the first dielectric

interlevel first and second thicknesses, where-

by a damascene process via and trench, having

barrier surface sidewalls, are prepared to di-

rectly connect the first metal level with a sub-

sequently deposited metal level.

13. A method as in claim 12 comprising the further step,

following step e), of:

f) depositing a second metal level overlying the

second barrier layer, filling the trench formed in

step a) and the via formed in step b), to connect

with the first metal level, whereby a minimum
resistance connection, without an intervening

barrier layer, is made between the metal levels.

14. A method as in claim 1 3 comprising the further step,

following step f), of:

g) performing a chemical mechanical polish

(CMP) of the second metal level;

h) depositing a fourth barrier layer overlying the

second metal level, and a second dielectric in-

terlevel overlying the fourth barrier layer;

j) repeating the steps of the method described

in steps a) through f) to form a low resistance

connection between the second metal level and
a subsequently deposited metal level, whereby
a plurality of metal levels in the IC are intercon-

nected.

15. A method as in claim 12 in which the first and sec-

ond barrier layer materials are non-conductive, and
the third barrier layer material is selected from the

group consisting of conductive and non-conductive

materials.

16. A method as in claim 15 in which the non-conduc-

tive barrier layer material is selected from the group

consisting of Si3N4 and TO.

17. A method as in claim 15 in which the conductive

barrier layer material is selected from the group

consisting of refractory metals, and refractory metal

compounds including TiN, WN, and TaN.

1 8. A method as in claim 1 2 in which the first metal level

is copper.

10
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19. A method as m claim 13 in which the first and sec-

ond metal levels are copper.

20. In an integrated circuit (IC), a low resistance metal

level via interconnection comprising: 5

a metal level;

a dielectric interlevel overlying sard first metal

level:

a via through selected areas of said dielectric 10

interlevel, exposing sidewall surfaces of said

dielectric interlevel and selected areas of said

metal level; and

a barrier layer formed by conformally deposit-

ing barrier layer material over said sidewall sur- is

faces of said dielectric interlevel and said metal

level selected areas, and anisotropicalty etch-

ing, to selectively remove said barrier layer

over said metal level selected areas, whereby

a via, having barrier surface sidewalls, is pre- 20

pared to directly connect said metal level with

a subsequently deposited metal level.

21. In an integrated circuit (IC), a low resistance metal

level interconnection comprising: 2s

a first metal horizontal level;

a first barrier layer overlying said first metal lev-

el;

a first dielectric interlevel overlying said first 30

barrier layer;

a second barrier layer overlying said first die-

lectric interlevel;

a first via through selected overlying areas of

said first barrier layer, said first dielectric inter- 35

level, and said second barrier layer, exposing

vertical sidewall surfaces of said first dielectric

interlevel and selected areas of said first metal

level; and

a third barrier layer formed by conformally de- *o

positing said third barrier layer over said verti-

cal sidewall surfaces of said first dielectric in-

terlevel and said first metal level selected are-

as, andanisotropically etching, in the horizontal

direction, to selectively remove said third barri- 45

er layer over said first metal level selected ar-

eas, whereby said first via, having barrier sur-

face sidewalls, is prepared to directly connect

said first metal level with a subsequently depos-

ited metal level. so

22. A metal level interconnection as in claim 21 further

comprising a second metal level overlying said sec-

ond barrier layer, and filling said first via to connect

with said first metal level selected areas, whereby ss

a minimum resistance connection, without an inter-

vening barrier layer, is made between metal levels.

23. A metal level interconnection as in claim 22 wherein

said second metal level is selectively etched to form

an interconnect layer, and further comprising:

a fourth barrier layer overlying said second met-
al layer;

a second dielectric interlevel overlying said

fourth barrier layer;

a fifth barrier layer overlying said second die-

lectric interlevel;

a second via through selected overlying areas

of said fourth barrier layer, said second dielec-

tric interlevel, and said fifth barrier layer, expos-

ing vertical sidewall surfaces of said second di-

electric interlevel and selected areas of said

second metal level; and

a sixth barrier layer formed by conformally de-

positing said sixth barrier layer over said verti-

cal sidewall surfaces of said second dielectric

interlevel and said second metal level selected

areas, and anisotropically etching, in the hori-

zontal direction, to selectively remove said

sixth barrier layer deposited over said second
metal level selected areas, whereby said sec-

ond via, having barrier surface sidewalls, is pre-

pared to directly connect said second metal lev-

el with a subsequently deposited metal level.

24. A metal level interconnection as in claim 21 in which

said first and second barrier layer materials are non-

conductive, and said third barrier layer material is

selected from the group consisting of conductive

and non-conductive materials.

25. A metal level interconnection as in claim 24 in which

said non-conductive barrier layer material is select-

ed from the group consisting of Si3N4 and TiO.

26. A metal level interconnection as in claim 24 in which

said conductive barrier layer material is selected

from the group consisting of refractory metals and
refractory metal compounds including TiN, WN, and
TaN.

27. A metal level interconnection as in claim 22 in which

said first metal level is copper.

28. A metal level interconnection as in claim 22 in which

said first and second metal levels are copper.

29. In an integrated circuit (IC), a low resistance metal

level dual damascene interconnection comprising:

a horizontal metal level;

a dielectric interlevel overlying said metal level,

said dielectric interlevel having a first thickness

and a second thickness overlying said first

thickness;

11
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a damascene interconnection trench formed

through selected areas of said dielectric inter-

level second thickness, exposing vertical side-

wall surfaces of said dielectric interlevel second
thickness and selected horizontal surfaces of s

said dielectric interlevel first thickness;

an insulating barrier layer formed by anisotrop-

ically deposition, in a horizontal direction, to

overlie said selected horizontal surfaces of said

dielectric interlevel first thickness; w
a via through selected overlying areas of said

insulating barrier layer, and said dielectric inter-

level first thickness, exposing sidewall surfaces

of said dielectric interlevel first thickness and
selected areas of said metal level; and is

a conductive barrier layer formed by conformal-

ly depositing said conductive barrier layer ma-
terial over said sidewall surfaces of said dielec-

tric interlevel first and second thicknesses, said

selected horizontal surfaces of said dielectric 20

interlevel first thickness, and said metal level

selected areas, and anisotropically etching, in

the horizontal direction, to selectively remove
said conductive barrier layer deposited over

said metal level selected areas, whereby said 2$

damascene process via and trench, having

conductive barrier surface sidewafls, are pre-

pared to directly connect said metal level with

a subsequently deposited copper metal level.

30

30. A metal level interconnection as in claim 29 in which
said metal level material is selected from the group
consisting of aluminum, aluminum-copper alloys,

and tungsten.

35

31. In an integrated circuit (IC), a low resistance metal

level interconnection comprising:

a first horizontal metal level;

a first barrier layer overlying said first metal lev- to

el;

a first dielectric interlevel overlying said first

barrier layer, said first dielectric interlevel hav-
ing a first thickness and second thickness over-

lying said first thickness; as

a first damascene interconnection trench

formed through selected areas of said first die-

lectric interlevel second thickness, exposing

vertical sidewall surfaces of said first dielectric

interlevel second thickness and selected hori- so

zontal surfaces of said first dielectric interlevel

first thickness;

a second barrier layer formed by anisotropically

deposition, in a horizontal direction, to overlie

said selected horizontal surfaces of said first di- ss

electric interlevel first thickness, and minimally

cover said vertical sidewall surfaces of said first

dielectric interlevel second thickness; and

a first via through selected overlying areas of

said second barrier layer, said first dielectric in-

terlevel first thickness, and said first barrier lay-

er, exposing vertical sidewall surfaces of said
first dielectric interlevel first thickness and a se-
lected area of said first metal level:

a third barrier layer formed by conformafly de-
positing said third barrier layer over said verti-

cal sidewall surfaces of said first dielectric in-

terlevel first and second thicknesses, said se-

lected horizontal surfaces of said first dielectric

interlevel first thickness, and said first metal
level selected area, and anisotropically etch-

ing, in the horizontal direction, to selectively re-

move said third barrier layer deposited over
said first metal level selected areas, whereby
said damascene process first via and trench,

having barrier surface sidewatls, are prepared
to directly connect said first metal level with a
subsequently deposited metal level.

32. A metal level interconnection as in claim 31 further

comprising a second metal level overlying said first

dielectric interlevel, filling said first via and trench to

connect with said first metal level selected areas,

whereby a minimum resistance connection, without
an intervening barrier layer, is made between metal
levels.

33. A metal level interconnection as in claim 32 wherein
a chemical mechanical polish (CMP) is performed
on said second metal level, and further comprising

a fourth barrier layer overlying said second met-
al level;

a second dielectric interlevel overlying said

fourth barrier layer, said second dielectric inter-

level having a first thickness and a second
thickness overlying said first thickness;

a second via through selected overlying areas
of said fourth barrier layer, and said second di-

electric interlevel first thickness, exposing ver-

tical sidewall surfaces of said second dielectric

interlevel first thickness and selected areas of

said second metal level;

a second damascene trench overlying said

second via, formed through selected areas of

said second dielectric interlevel second thick-

ness, exposing vertical sidewall surfaces of

said second dielectric interlevel second thick-

ness and selected horizontal surfaces of sec-

ond dielectric interlevel first thickness;

a fifth barrier layer formed by anisotropically

deposition, in a horizontal direction, to overlie

said selected horizontal surfaces of said sec-

ond dielectric interlevel first thickness, and min-
imally cover said vertical sidewall surfaces of

said second dielectric interlevel second thick-

12
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r.ess: and

a sixth barrier layer formed by conformally de-

positing said sixth barrier layer over said verti-

cal sidewall surfaces of said second dielectric

interlevel first and second thicknesses, and s

said second metal level selected areas, and an-

isotropically etching, in the horizontal direction,

to selectively remove said sixth barrier layer de-

posited over said second metal level selected

areas, whereby said second via and trench, 10

having barrier surface sidewalls, are prepared

to directly connect said second metal level with .

a subsequently deposited metal level.

34. A metal level interconnection as in claim 31 in which is

said first and second barrier layer materials are non-

conductive, and said third barrier layer material is

selected from the group consisting of conductive

and non-conductive materials.

20

35. A metal level interconnection as in claim 34 in which

said non-conductive barrier layer material is select-

ed from the group consisting of Si3N4 and TiO.

36. A metal level interconnection as in claim 34 in which 2$

said conductive barrier layer material is selected

from the group consisting of refractory metals and
refractory metal compounds including UN, WN, and
TaN,

30

37. A metal level interconnection as in claim 31 in which

said first metal level is copper.

38. A metal level interconnection as in claim 32 in which

said first and second metal levels are copper. 35

39. A method of forming a low resistance via intercon-

nect to a metal layer through a layer structure pro-

vide on said metal layer, said layer structure com-
prising a dielectric interlevel, the method compris- 40

ing the steps:

i) forming a through hole in said layer structure

to expose a selected area of said metal layer:

ii) depositing a barrier layer material so as to <s

form a barrier layer on the sidewall surfaces of

said dielectric interlayer in said through hole,

and on said selected area of the metal layer at

the bottom of the hole; and

iii) selectively removing the barrier layer from so

said selected area of the metal layer but not

from said dielectric interlevel sidewall surfaces.

££
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100

PROVIDING AN IC HAVING SIDEWALL SURFACES, AND PASSING \yS
THROUGHA DIELECTRIC INTERLEVEL TO EXPOSE SELECTED K

AREAS OF A METAL LEVEL

tot

CONFORMALLY DEPOSITING A BARRIER LAYER MATERL&L

ANISOTROPICALLY ETCHING. TO REMOVE THE BARRIER LAYER
MATERIAL DEPOSITED OVER THE METAL LEVEL SELECTED AREAS

PRODUCT: A VIA HAVING BARRIER SIDEWALL SURFACES.

{Of

I0h

Fig. 10
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PROVIDING AN IC INCLUDING A 1st METAL LEVEL, 1" BARRIER
LAYER, is? DIELECTRIC INTERLEVEL AND 2™ BARRIER LAYER

ETCHING SELECTED OVERLYING AREAS OF THE 1ST BARRIER
LAYER, 1st DIELECTRIC INTERLEVEL, AND 2^ BARRIER LAYER TO

FORM A VTA WITH VERTICAL SEDEWALL SURFACES

CONFORMALLY DEPOSITING A 3R» BARRIER LAYER OVER THE u
VERTICAL SIDEWALL SURFACES OF THE 1" DD2LECTRIC
INTERLEVEL AND FIRST METAL LEVEL SURFACE AREAS

ANISOTROPICALLY ETCHING THE 3*d BARRIER LAYER TO REMOVE
THE 3*3 BARRIER LAYER OVER THE 1" METAL LEVEL SELECTED

AREAS, BUT NOT THE VERTICAL SIDEWALL SURFACES

at

PRODUCT: AN IC VIA, HAVING BARRIER SIDEWALL SURFACES,
PREPARED TO DIRECTLY CONNECT THE 1st METAL LEVEL WITH A

SUBSEQUENTLY DEPOSITED METAL LEVEL.

\12

Fig. 11
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PROVIDING AN IC INCLUDING A 1" METAL LEVEL l«r BARRIER
^^SiT DIELECTRIC INTERLEVEL, THE FIRST DIELECTRIC

.
INTERLEVEL HAVING A 1" AND 2*° THICKNESS

c2 HO

EJS^G SELECTED AREAS OF THE 2*> THICKNESS OF THEFTRST
?^Ĉ C ^TERLEVEL TO FORM A TRENCH WITH VERTICALSIDiWALL SURFACES AND HORIZONTAL SURFACES OF THE i«THICKNESS OF THE FIRST DIELECTRIC INTERLEVEL

A
J5?J?2fi£

ALLY ^POSITING A 2« BARRIER LAYER OVERLYINGTEE HORIZONTAL SURFACES OF THE it THICKNESS OF THE 1^
DIELECTRIC INTERLEVEL EXPOSED IN STEP 242

JJJiP0 SELECTED OVERLYING AREAS OF TEE 1" BARRIER*
^lt5tI *

DIELECTRIC INTERLEVEL 1" THICKNESS, AND 2»BARRIER LAYER TO FORM A VIA WITH VERTICAL SIDEWALLS

2^2

^°* M̂ALLY DEPOSITING A 3» BARRIER LAYER OVER THE
\nRTICAL SEDEWALL SURFACES AND THE 1" METAL LEVEL

SELECTED AREAS

A2SSS™™CALLY ETCHING TO REMOVE THE 3«> BARRIER LAYEROVER THE 1" METAL LEVEL SELECTED AREAS. BUTNOT THE
VERTICAL SIDEWALL SURFACES

DAMASCE*E VU AND TRENCH. HAVING BARRIER^E^IV^CES
'
PREP-^ED TO DIRECTLYCONNECT THEl"MZiAL L&VEL WITH A SUBSEQUENTLY DEPOSITED METAL LEVEL

2$o

Fig. 20
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